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(54) COMPOSITE DIFFRACTION DEVICE 

(57) A complex diffraction device, which is excellent 
in designability, easy in setting the diffraction angle, 
adaptable to size increase, and easy to handle by add- 
ing a diffraction function resulting from an uneven pat- 
tern to the diffraction device comprising a liquid crystal- 



line layer where the helical orientation of the smectic liq : 
uid crystal phase having a helical structure is main- 
tained. 
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Description 

[Filed of the Invention] 
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optoelectronics, optical information recording, and liquid crystal display devices ana to va 
Stand design, and can be produced so as to have a large area and handled easily. 

[Background of the Invention] 

holograms as well. than „ thpreoI i nt0 amplitude type diffraction devices 

[00031 The diffraction devices are classified according to the shapes thereof nntc ' ™ 
and piase type diffracUon devices. The amplitude type diffraction dev^es ; are ose , wh« a ig t £ owe K ^ 
through non-light-transmitting parts with a uniform thickness * periodic grooves are 

obtain diffracted light. The phase type diffract ^"^.^1^1 ™*iuLn type devices in which 
formed on a surface of a substrate which does not absom ^^^^^^ thbkness. Unlike the 
regions where the refractive index is periodically vaned are formed in a layer j*m a u ™ se 
amVudetypediffra™ 

of the absence of a region wh.ch does not transm. light. Examples o tne > pn yn ^ 

diff Jtion devices as described in, for f^f^J^^ ^3££i£Ld, a hologram * pro- 
[0005] in the above-mentioned use of preventing credit cards or Mn W« c ced 
Led^y embossing a thermoplastic^ so as to 
designabilityandanti-counterfertpropert.es there isa mit^ 

device can be diffracted in a plurality of directions or angles therefrom, thedev.ee can beexpece 

fraction function using grooves formed on its surface, resulting m enhanced des.gnab.lrty, y 
angles and to handle, and adaptable to size increase. 

[Disclosure of the Invention] 

crystalline phase wherein the liquid crystalline molecules form a smect.c layer structure wn.cn 

crystal and two-dimensionally liquid. smectic B phase, smectic C phase, 

F phaaa, smacic J pnaaa. an** G phaaa, amactlc K phaaa ^a™« H £^ ^ fa , 
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exhibiting optical activity and ferrielectricity such as chiral smectic C y phase (Sm C r *), chiral smectic \ y phase (Sm l y *), 
and chiral smectic F y phase (Sm F y ). 

[0012] Further alternatively, there may be'suitably used those which are chiral and exhibit a smectic phase having 
a helical structure as described in J. Matter. Chem. Vol. 6, page 1231 published in 1996 or J. Matter. Chem. Vol. 7, 
5 page 1 307 published in 1 997. 

[0013] However, with the objective of easy synthesis of liquid crystalline materials, easy orientation of the helical 
structure in the smectic liquid crystalline phase, easy variation of the helical pitches, and stability of the helical structure, 
the most preferred is chiral smectic C phase or chiral smectic C A phase. 

[0014] The term "helical structure in the smectic liquid crystalline phase" used herein denotes a structure wherein 
10 the longitudinal axes of the liquid crystalline molecules tilt at a certain angle from the vertical direction of each smectic 
layer, and the tilt directions twist little by little from one layer to another. The center axis of the helix in this helical 
structure is referred to as "helical axis", while the length in the helical axis direction for one helical turn is referred to 
as "helical pitch". 

[0015] When a light is allowed to pass through a liquid crystal layer comprising a helical-structured smectic liquid 

15 crystalline phase, the diffraction direction of the light depends on the helical axes direction of the liquid crystalline 
phase. For example, in the case where the helical axes are parallel to the liquid crystal layer, a light made incident 
vertically thereto is diffracted to the helical axes direction. No particular limitation is imposed on the helical axes direction 
of the liquid crystal layer forming the complex diffraction device of the present invention. Therefore, the helical axes 
direction may be properly selected such that the desired characteristics can be exhibited. For example, the helical 

20 axes direction may be parallel to or tilted with respect to the liquid crystal layer surface. Furthermore, the tilt angle may 
be varied discretely or continuously. Moreover, the helical axes direction may be microscopically determined by the 
domain and may be macroscopically directed to various directions or to the same direction. The helical structure is not 
necessarily formed entirely in the liquid crystal layer and thus may be formed on the surface area or interior of the 
liquid crystal layer, or a part thereof. 

25 [0016] The helical pitch in the liquid crystal layer is usually from 0.1 to 20 ujti, preferably 0.2 to 15 pm, and more 
preferably 0.3 to 10 um The helical pitches may be constant in the liquid crystal layer, but may be varied depending 
on positions therein. The variation may be continuously or discretely. The helical pitches can be properly adjusted in 
a conventional manner, for example, by adjusting the orientation conditions such as temperature, the optical purity of 
the optically active portion, and the blend ratio of the optical active materials. The helical pitches correspond to the 

30 grating pitches. When a light is allowed to be made incident to the helical structure, a diffraction at angles corresponding 
to the helical pitches occurs. Therefore, it is necessary to properly adjust the helical pitches in order to obtain the 
desired diffraction angle. 

[001 7] In the complex diffraction device according to the present invention, the liquid crystal layer having diffractivity 
originating from its helical structure is provided on its surface with an uneven pattern. The may be in any shape as 

35 long as it can exhibit a diffraction resulting therefrom. For example, it may have a rectangular groove-, corrugate-, saw 
tooth- or step-like shape formed on a flat surface at the same interval. Alternatively, the pattern may be the combination 
of two or more types of these uneven patterns. Further alternatively, the pattern may be designed by mixing a portion 
having an uneven pattern and a portion which is free thereof, or forming a region where the light is diffracted in different 
directions such that markings, patterns or logos emerge by diffraction. 

40 [0018] Since the period or intervals of the uneven pattern corresponds to the grating pitches, the desired angle of 
diffraction can be obtained by adjusting properly the period or intervals. 

[001 9] The complex diffraction device may be those obtained by forming a layer having an uneven pattern and then 
laminating the layer on the liquid crystal layer, or by forming an uneven pattern directly thereon. In the latter case, the 
uneven pattern may be formed on one side or both sides of the liquid crystal layer surfaces. 
45 [0020] In the present invention, the diffraction direction and/or angle of the liquid crystal layer may be the same as 
or different from those resulting from the uneven pattern. However, when consideration is given to the effects or des- 
ignability of the complex diffraction device, it is preferred that the direction and/or angle of the diffraction resulting from 
the helical structure are partially different from those resulting from the uneven pattern. 

[0021 ] In the liquid crystal layer forming the inventive complex diffraction device, the helical structure of the smectic 
so liquid crystalline phase must be maintained. "Maintaining the helical structure" means that the change in the helical 
structure with time does not occur under the conditions where the liquid crystal layer is functioned as the complex 
diffraction device. One of the methods of maintaining the helical structure is to sandwich the liquid crystal layer with a 
pair of alignment substrates. In this method, if either one of the substrates are removed, there is a possibility that the 
helical structure can not be maintained in a stable state. 
55 [0022] Another method is to fix the helical structure of the liquid crystalline phase. This method is preferred to the 
above-mentioned method in terms of easy production of the liquid crystal layer, heat-resistance, and practical use. 
[0023] The methods of fixing the helical structure in the liquid crystalline phase are roughly classified into a glass 
fixing method and a polymerization fixing method. The glass fixing method is that in which the helical structure is fixed 
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bv transferring the smectic liquid crystalline phase to a glass state. Eligible liquid crystalline materials for this method 
« to as "liquid crystalline materia. A", which can form the r^^S^SZ 

havinq a helical structure and can be in a glass state by cooling. The polymenzation fixing method is hat in which the 
SwTcJS Phase having a helica. structure k fixed by polymerizing or cross-finking liquid crystal line 
moSulerSigSquid crystalline materials for this method are those, hereinafter referred to as "liquid crystalfine 
maSl-, which °can form the smectic liquid crystalline phase having a helica. structure and can be polymenzed or 
rross-linked with liaht, electron beam, or heat. 

weiqh liquid crystals and liquid crystalline polymers which are capable of forming the helical-structured smect c ..quid 
2 n S The liquid crystals only need to be those exhibiting the desired liquid aystallinity and orientation and 
may te a mixSre of a smgle or plurality types of low molecule weight- and/or liquid crystalline polymer matenals and 
a sinale or plurality types of low molecule weight- and/or non-liquid crystalline polymer matenals. 
[00251 Eligible low molecular weight liquid crystals are Schrff base compounds, biphenyl compounds, terphenyl com- 
pounds, ester compounds, thioester compounds, stil.bene compounds, total, compounds, azoxy compounds, phenyl 
cvclohexane compounds, pyrimidine compounds, cyclohexylcyclohexane compounds, and mixtures hereof, 
mn Te3 crystalfine polymers can be classified into main chain type- and side chain type- liquid crystalline 
^L^SItSn are e.igto.e for the liquid crystalline materials forming the liquid crystal layer of the present 

[^"'Examples of the main chain type liquid crystalline polymer are polyester-, polyamide-. ^^^^ 
mide polyurethane-. polybenzoimidazole-. polybenzoxazole-. polybenzothiazole-. pofyazometh.ne-. polyestera- 
mid r.'po Jestercarbo^te- 1 and polyesterimide-based liquid crystalline polymers. Among *°**^WP<«™* 
are semi-aromatic polyester-based liquid crystalline polymers wherein mesogen providing Hquid crystafi. ty is alter- 
nately bonded to a flexible chain, such as po.ymethy.ene, polyethyleneoxide, and polysiloxane and whoiy aromafic 
polyester-based liquid crystals which are free of flexible chain. 

[0028] Examples of the side chain type liquid crystalline polymers are those having a straight- or cycl e- mam chain 
and a mesogen at each side, such as polyacrylate, polymethacrybte, polyvinyl- polysrtoxane- PdJ^-JJ* 
malonate- and polyester-based liquid crystals. Among these, particularly preferred are those wherein a mesogen 

molecular structure wherein the main chain and the side chain both have a mesogen 

™S The liquid crystalline materia, referred herein includes those obtained by blending a ch.ra. dopant rth _o 
ntroducing an optica. V active unit to the above-described low molecular weight and/or liquid crystaHine 
example such liquid crystalline materials can be obtained by blending a chiral dopant with or introducing an optcafiy 
aZ unit to a liquid crystalline materia, exhibiting smectic C phase, smectic I phase, or smectic F P^^ ^c 
Cd crystalline materia, exhibits a chiral smectic liquid crystalline phase which is easy to be aligned in a helical struc- 
ture like chiral smectic C phase, chiral smectic I phase, or chiral smectic F phase. 

0030 As described above, the helical pitch and diffraction angle of the inventive complex diffraction £ev,ce one 
adjusted by properly adjusting the amount of the chiral dopant, the introducing ratio of the opted unrt, the 

optical purity and the temperature conditions under which a smectic liquid crystalline phase is formed Whether a 
he S Sure t a right-handed helix or a left-handed helix depends on the chilarlity of the chiral 
active groups to be used. Therefore, either of the helical structure having a right-handed helix or a left-handed hefix 

tauic crystalline polymers. Suitable forthe liquid crystalline material B are those having a functional group responding 
SSI beam or heat. Examp.es of such a functional group are vin y. aery,, methacry. vtoy^er c^amoy 
arvl acetylenyl crotonyl. aziridinyl. epoxy, isocyanate, thioisocyanate, amino, hydroxy., mercapto. carboxy, acyl halo 
XW2Lc add and sLno. groups. Among these, preferred are acryl. methacry.. vinyl, vnylethen 
cTnnaXi Tepoxy and aziridinyl groups. Particular* preferred are acryl. methacry.. vinyl, vinvlether. cnnamoyl. and 

S^Te'sefunctionalgroupsonlyneedstobecontainedinthefi^ 

n the liquid crystalline matoria' non-liquid crystalline material, or one or more additives her emaft ar^Ute 
case wh'ere the functional groups are contained in each of two or more types of materials. ' W ™J 

be the same or different. Furthermore, in the case where two or more funct.onal groups are contained in one of the 

actants. polymerizaLn initiators, polymerization inhibitors, sensitizers, stabilizers. 'f^To^To^Z 
olet absorbers, and adhesion improvers may be blended in an amount of 50 percent by mass or less, preferably 30 
oercent bv mass or less and more preferably 1 0 percent by mass or less, based on the total mass. 
tSS The liquid [crystal layer of the inventive complex device can be produced by developing the liquid crystalfine 
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material, if necessary, together with the additives and maintaining a helical structure. 

[0035] ' No particular limitation is imposed on two interfaces on both sides of the liquid crystalline material upon de- 
veloping, which interfaces, therefore, may be gaseous phase-, liquid phase- or solid phase-interfaces and not need to 
be the same. However, with the objective of easy production of the liquid crystal layer, it is recommended to employ 
two interfaces both of which are solid or one of which is solid and the other of which is gaseous. 
[0036] Examples of the gaseous phase interface are air- and nitrogen-interface. Examples of the liquid phase inter- 
face are water, organic solvents, liquefied metals, other liquid crystals, and melted polymeric compounds. Examples 
of the solid phase interface are plastic film substrates comprised of polyimide, polyamideimide, polyamide, polyether- 
imide, polyether ether ketone, polyether ketone, polyketone sulfide, polyether sulfone, polysulfone, polyphenylene 
sulfide, polyphenylene oxide, polyethylene terephthalate, polybutylene terephthalate, polyethylene naphthalate, poly- 
acetal, polycarbonate, polyallylate, acrylic resins, methacrylic resins, polyvinyl alcohol, polyethylene, polypropylene, 
po!y-4-methylpentene-1 resin, and cellulose-based plastics such as triacetyl cellulose, epoxy resins, polyphenol resins, 
and liquid crystalline polymers; metal substrates such as aluminum, iron and copper; glass substrates such as blue 
glass sheet, alkaline glass, non-alkaline glass, borosilicate glass, flint glass and quarts glass; ceramic substrates; and 
various semi-conductor substrates such as silicon wafers. Eligible solid phase interfaces are also those obtained by 
forming a film which may be an organic film comprised of polyimide, polyamide, or polyvinyl alcohol, an obliquely 
deposited film of silicon dioxide or the like, or a transparent electrode of ITO (indium-tin oxide) , or obtaining by depositing 
or sputtering a metal film of gold, aluminum or copper, on the above-described substrates. Furthermore, another eligible 
solid phase interfaces are thin film transistors (TFT) of amorphous silicon. 

[0037] These various substrates may be subjected to an alignment treatment if necessary. In the case of using such 
substrates, the direction of the helical axes in the resulting liquid crystal layer can be settled in one direction which is 
determined by the direction of the alignment of the substrates. Depending on the type of liquid crystalline material and 
solid phase interface and the method of aligning, the direction of the helical axes does not always coincide with the 
alignment direction of the substrates and may be shifted therefrom. The complex diffraction device of the present 
invention even if containing such a liquid crystal layer can still perform the effects of the complex diffraction device. 
Furthermore, in the present invention, it is possible to obtain a complex diffraction device wherein the direction of the 
helical axes is fixed in one pattern, by altering the aligning direction partially. In the case of using such a method, it is 
possible to obtain a complex diffraction device which can exhibit a complex diffraction effect caused by the smectic 
liquid crystal having a helical structure as well as a diffraction effect resulting from the diffraction pattern, for example, 
by arranging the pattern of regions wherein the helical axes directions are different periodically to an extent that the 
interference of light occurs. 

[0038] I n the case of not subjecting the substrates to an alignment treatment, the resulting liquid crystal layer possibly 
assumes a multi-domain layer wherein the helical axes directions in each domain are random. However, even such a 
liquid crystalline phase can provide the resulting device with the effects as the complex diffraction device. 
[0039] No particular limitation is imposed on the alignment treatment subjected to the various substrates. Examples 
of the alignment treatment are rubbing, oblique depositing, microgrooving, polymer film drawing, LB (Langmuir-Blod- 
gett) filming, transferring, photo irradiating (photo isomerization, photo polymerization, and photo decomposition), and 
peeling methods. Particularly with the objective of simplified production process, preferred are rubbing and photo irra- 
diation methods. 

[0040] Furthermore, even in the case of using the various substrates as the solid phase interfaces, which have not 
been subjected to an alignment treatment, it is possible to obtain the liquid crystal layer with the helical axes directions 
regulated in a certain direction, by applying magnetic or electric field or shear stress to the liquid crystalline material 
developed between the interfaces; fluidizing or drawing the liquid crystalline material; or subjecting the same to tem- 
perature gradient 

[0041] No particular limitation is imposed on the method of developing the liquid crystalline matenal between the 
above-described interfaces. Therefore, any suitable methods known in the field can be employed. For example, in the 
case of developing the liquid crystalline material between two substrates, the liquid crystalline material is injected into 
a cell formed with these substrates. Alternatively, there may be employed a method in which the liquid crystalline 
material is laminated with the substrates. 

[0042] In the case of using one substrate and a gaseous interface, the liquid crystalline material can be developed 
by coating it directly on the substrate or dissolving it in a suitable solvent before coating. In the present invention, with 
the objective of simplified production processes, it is preferred to coat the liquid crystal after being dissolved in a solvent. 
[0043] A suitable solvent for this purpose can be selected in accordance with the type of liquid crystalline material 
and the composition thereof. Generally, the examples of the solvent are halogenated hydrocarbons such as chloroform, 
hydrocarbons such as chloroform, dichloromethane, carbon tetrachloride, dichloroethane, tetrachloroethane, trichlo- 
roethylene, tetrachloroethylene, chlorobenzene, and orthodichlorobenzene, phenols such as phenol and parachlo- 
rophenol, aromatic hydrocarbons such as benzene, toluene, xylene, methoxybenzene, and 1 ,2-dimethoxybenzene, 
alcohols such as isopropyl alcohol and tert-buty lalcohol, glycols such as glycerin, ethylene glycol, and triethylene glycol, 
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alvcol ethers such as ethylene glycol monomethylether, diethylene glycol dimethylether, ethyl cellosolve and butyl 
cEot e ^e^Slyl kLne. ethyl acetate. 2-pyrro.idone, N-methyl-2- P yrrolidone, pyridine tnethylam.ne, 
telSdrofurat d^Srmamide, dimethylacetoamide, dimethylsulfoxide, acetonitrile, butyromtnle, carbon * 
sulXnc J ^es thereof. If necessary, surfactants or the like may be added to the solvent so as to adjust the 

"s" of the liquid online material in the solution depending on the 

type of li uid online material, solubility thereof, and the film thickness of the final liquid crystal layer. However, ,t ,s 
wfthin the range of usually 3 to 50 percent by mass, and preferably 5 to 30 percent by mass 
n 04 ] N particular limitation is imposed on the method of coating the solution. There may be used sp.n-coa, ro - 
coat print dfp. curtain-coat, wire bar coat, doctor blade, knife coat, die coat, gravure coat, micro gravure coat, offset 
aravure coat p coat and spray coat methods. After coating, the solvent may be dried out .f necessary 
Sm Arte heSd crystalL materia, which can exhibit the helical structured smectic liquid crystalhne phase ,s 
d^vZerbe^eenthe various interfaces by the above-described method so as to be formed into a uni orm layer, he 
£^c^<Lcdon device can be'obtained by forming the liquid crystalline material so as to assume he 
hela I oTiStaL in the desired helical-structured smectic liquid crystalline phase. No particular hmrtahon .s imposed 
on the method of olng the liquid crystalline material so as to assume the helica. orientation ,n the smectic quid 
c^s a.."e phas?. rTre may be suttably employed a method depending on the type of liquid ^MttF» 
exa™^" the case of developing the liquid crystalline material at a temperature at which the matenal can be formed 
s Z t a sume the helica. structured smectic liquid crystalline phase, the helical structured smechc <**«£^ 
phase may be obtained at the same time. The developed liquid crystalline matenal ,s once heated at a 
higher Z that at which the helica. structured smectic ..quid crystalline phase appears, such tha « s mect,c A phase^ 
a chira. nematic phase or an isotropic phase appears, and after a certain period of tune rt ,s oriented so as to assume 
the helical structure by cooling to a temperature at which a smectic liquid crystalline phase appears. 

he.L structured sm'ectic liquid crystalline phase appears in the liquid crystal .ayer by^ any of the 
Lve-described methods, the he.tea. structure of the smectic liquid crystalline phase is f.xed by 
selected depending on the type and composition of liquid crystalline matenal. In order to f.x the hel.cal structure, rt is 
Deferred to use the above-described glass fixing method or polymerization fixing method. 

nST • the case of using the glass fixing method, the helical structured smectic liquid crystalline phase whfch 
appears It a temperature higher than the glass transition temperature of the liquid crystalline matenal A >m T*ed by 
colg the liquid crystal laye'to a temperature at which the liquid crystalline material A is in a glass state. The coding 

Sappears wS The liquid crystalline materia. B is in a .iquid crystalline state is fixed by polymerizing or c**- 
Sg^eTqui^ T^lJ materia. B. The method of potymerizing or cross-linking may be thermal po^nenza on 
Dhoto polymerization, radiation polymerization of Y ray or the like, electron beam polymenzat.onpolycondensat.on or 
SSta! Among these, preferred are photo po.vmerization and e.ectron beam po.ymenzat.on because they are 

ST Thetauid crystal layer fixed by the foregoing method is free from disorder in orientation even after removing 
Sst^ 

SS^SUSS layer * wL the range of genera.* 0.1 to 100 -am, preferably 0.2 to 50 -am, and more 
nrpfprablv 0 3 to 20 am with the objective of orientability and productivity. 

05lT >nZ ^ preseminvention. the .iquid crysta. .ayer described above * provided with «J 
natinq form the uneven patterns and recesses formed thereon. The dffraction function may be provided on the liquid 
cS \Z wtt he substrate or after removing the substrate. Alternatively, the resulting liquid crysta. ayer ,s trans- 
S to t£lM. and an uneven pattern Is formed on the .ayer with the substrate. Further a * 
polity of the liquid crystal layers having the same or different diffraction properties are lam.nated, and the diffraction 
function originating from an uneven pattern is provided thereon. arr>Maimitit > nolvamide doIv- 

T00521 Examples of the substrate are plastic substrates formed from poly.m.de, polyam.dem.de, polyam.de, poly 

rdfidTDolvphenylene oxide, polyethylene terephthalate, polybutylene terephthalate, polyethylene naphthalate, poly- 

Po ya ylate, acrylic resins, methacrylic resins, polyvinyl alcohol, polyethylene, 
Si-meSrne-^ resin and cellulose-based plastics such as triacetyl cellulose, epoxy resins, and polypheno 

?els-7a^ 

elements such as polarizing plates, retardation plates, and reflecting plates, scattering f..ms, and venous l.qu.d crys- 

method in wEich another layer having a diffraction function originating from an uneven pattern ,s lam.nated over the 
iSS^S^Se P<i«« i^e'tion or a method in which a diffraction pattern is provided by form.ng an uneven 
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pattern directly on the surface of the liquid crystal layer. Examples of the layer having a diffraction function are plastic 
films or glass substrates having a diffraction function. 

[0054] The method of forming an uneven pattern may be exemplified by a method in which projections and recesses 
are formed on the liquid crystal surface with an etching technique, or an embossing processing in which a mold having 

5 a form of diffraction gratings hereinafter referred to as "embossed plate" is pressed on the liquid crystal layer with a 
press machine or in which a film having a form of diffraction gratings hereinafter referred to as "embossed film" is 
laminated over the liquid crystal layer using a laminate machine or the like so as to transfer the diffraction gratings on 
the liquid crystal layer. In the present invention, it is preferred to provide a diffraction function originating from an uneven 
pattern by subjecting the liquid crystal layer surface to the embossing processing. 

10 [0055] No particular limitation is imposed on the embossed plate and film. Most of the embossed plates are structures 
formed from metals or resins and having diffraction gratings. The embossed film may be a film obtained by forming 
diffraction gratings on a surface of a free-standing film or a laminate of a self-supportive film and a layer with diffraction 
gratings. 

[0056] After the embossing processing, mostly the embossed plate or film is peeled off from the film or substrate 
15 containing the liquid crystal layer. However, in the case of using the embossed film, it is possible to use the liquid crystal 
layer with the film pressed as a laminate. 

[0057] At a temperature at which the embossing processing is carried out, the liquid crystal layer must have a fluidity 
within a suitable range. The temperature for the embossing processing can not be determined with certainty since it 
depends on the thermal characteristics of the liquid crystal layer such as the glass transition temperature (Tg) and the 

20 degree of cross-linking, the substrate of the liquid crystal layer, the type of embossed plate or film , or the method of 
embossing transfer. However, the embossing processing is carried out from room temperature to 300 °C, preferably 
room temperature to 200 °C. That is, it is requisites that the disorder in the helical orientation state of the liquid crystal 
layer hardly occurs at the temperature of the embossing transfer during the period thereof without losing the effects 
achieved by the present invention after the embossing transfer. It is also requisites to be able to effect the embossing 

25 processing efficiently if selecting proper conditions for the embossing transfer and obtain an emboss-processed liquid 
crystal layer with the effects of the present invention. 

[0058] Although it is extremely difficult to describe such a temperature range quantitatively and is impossible to 
specify it with a single physical quantity, the glass transition temperature (Tg) of the liquid crystal layer after the orien- 
tation may be used as an index. In the case of using a liquid crystalline polymer or oligomer as the liquid crystalline 
30 material used in the present invention, the glass transition temperature exists in most of the polymers or oligomers. 
When the fluidity of such polymers or oligomers is measured with increasing the temperature thereof, it is known that 
the fluidity is gradually increased from a poor state resulting from the glass fixing once the temperature reaches around 
.the glass transition temperature. Therefore, in the case of using a polymer or oligomer wherein the glass transition 
temperature exists, the embossing processing can be applied to the liquid crystal layer whose glass transition temper- 
35 ature is within range of from room temperature to 200°C afterthe orientation. If the glass transition temperature is room 
temperature or less, the fluidity upon the embossing processing becomes too high and thus orientation disorder is 
prone to occur. If the glass transition temperature is in excess of 200 °C, it becomes difficult to effect the emboss 
processing in the usual manner adequately to provide the effects achieved by the present invention. 
[0059] The resulting emboss-processed liquid crystal layer may be put in use as it is, but may be further cured by 
40 light irradiation or thermal cross-linking with the objective of reliability in terms of temperature, humidity, and solvents, 
and mechanical strength. In the case of using a light cross-linkable liquid crystalline composition and fixing it by the 
method for the liquid crystalline material B, there may be used a method in which after the orientation is fixed to a 
certain extent by light irradiation once after the orientation is formed, the diffraction grating is formed, followed by 
another light irradiation so as to cure the liquid crystal layer. 
45 [0060] The complex diffraction device of the present invention may be provided on its surface with a protective layer 
formed of the above-mentioned transparent plastic film of a hard coat layer for the purpose of protecting the surface, 
increasing the strength, and enhancing the environmental reliability. 

[0061] The complex diffraction device can be used in various purposes, for example, as light pickups of CDs, DVDs 
or magneto-optical disks, o» optical elements for improving the viewing angle or the brightness of liquid crystal displays; 
50 designable films utilizing rainbow coloration caused by diffraction; optical information recording devices; anti-counterfeit 
security films for credit cards or notes; and combiner for head-up displays. 

[Applicability in the Industry] 

55 [0062] The complex diffraction device of the present invention comprises a liquid crystal layer with the helical orien- 
tation of a helical structured smectic liquid crystalline phase maintained, and is further provided with a diffraction function 
resulting from an uneven pattern formed on the layer. Therefore, the inventive device has an effect of diffraction in a 
plurality of directions or angles. Furthermore, the inventive device can be built in another optical system because it is 
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uses such as those of security and design, and is highly valuable in the industry. 
[Best Mode of Carrying Out the Invention) 

[0063] The present invention will be further described with reference to the following examp.es but is not limited 

IS' in the following examples, the measurement of inherent viscosity, the determination of liquid crystal series, 
5e me £u^ of film thickness are conducted in accordance wKh the fo.low.ng methods . 

(1) Measurement of inherent viscosity 

[00651 Measured in a mbced solvent of phenol and tetrach.oroethane in a weight ratio of 60/40 at a temperature of 
30°C using a ubbelohde's viscometer 

(2) Determination of liquid crystalline phase 

r00661 Determined by DSC (differential scanning calorimeter) analysis using Perkin Elmer DSC-7 and observation 
Sh antpS microscope. BH2 polarizing microscope manufactured by Olympus Opfca. Co., Ltd. 

(3) Measurement of film thickness 

LrllpIC^ V-670 mnulw-d by JASOO C w -a,i.n and dau fr«n index ■a.rao.on. 
Example 1 

,006., ^^^^^.^^T^^Z^^^^^ 
,eS,paLra o. 60 -C. AIT .na suba,ra,a «as heo.ad «^«>»%«^™J^IZS»**» a 

, » M .Ose, .Ocao™ a, an ang,a of abou, ,0 • ^ EamoM s^ic Japan Co., Ud. »as 

9 rection of the diffraction grating. One shorter s.de of the ^^^^^^ Co . P Ltd . so tha t the shorter 

film thereby obtaining Sample 3. enrfa ~ ftf c amD ie 3 a diffraction occurred in the helical 

[0072] When a light was vertically made incident upon the surface of Sample 3, a oinracuon o 
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direction at a diffraction angle of about 40 ° and also a diffraction resulting from the uneven pattern of the embossed 
film occurred perpendicularly to the helical axes at a diffraction angle of 35° . Therefore, it is confirmed that Sample 3 
functioned as the complex diffraction device of the present invention. 



Example 2 

[0073] The same procedures of Example 1 were followed except that the helical axes were approximately parallel 
to the grating direction of the embossed film thereby obtaining Sample 4. 

[0074] When a light was vertically made incident upon the surface of Sample 4, a diffraction occurred in the helical 
direction at a diffraction angle of about 40 ° and also a diffraction resulting from the uneven pattern of the embossed 
film occurred parallel to the helical axes at a diffraction angle of 35° . Therefore, it is confirmed that Sample 4 functioned 
as a complex diffraction device of the present invention. 



Example 3 

[0075] Sample 1 was subjected to the same embossing processing as that of Example 1 . Thereupon, Sample 1 was 
laminated on the embossed film such that the helical axes direction were offset from the grating direction of the em- 
bossed film at an angle of about 30° . The resulting liquid crystal layer with the uneven pattern formed on the pofyphe- 
nylene sulfide substrate was transferred to a triacetyl cellulose film with an adhesive thereby obtaining Sample 5. The 
liquid crystal surface of Sample 5 was subjected to the same embossing processing again. Thereupon, the embossed 
film was arranged such that the grating direction was offset from the helical axes of Sample 5 at an angle of about 30° 
in the reverse side from the first embossing site thereby obtaining Sample 6. 

[0076] When a light was vertically made incident upon the surface of Sample 6, a diffraction occurred in the helical 
direction at a diffraction angle of about 40 • and also a diffraction resulting from the uneven pattern of the embossed 
film occurred at a diffraction angle of 35° in the direction of about ±30° with respect to the helical axes direction. 
Therefore, it is confirmed that Sample 6 functioned as the complex diffraction device of the present invention. 



Example 4 
[0077] 



(1) 




0(CH2) 6 OCOCH=CH 2 



(2) 



H2C=CHCOO(CH2) 9 0 




^ 0— COO— CH-COOCaHs 



(3) 




H 2 C S CHC00(CH2) 9 6-^ >~C- 0 -\ /-\ ^-COO-CH-COOC^ 

CH 3 



[0078] There was prepared a y-butyrolactone solution containing 1 5 percent by mass of a mixture of a Afunctional 
low molecular weight liquid crystal represented by the above formula (1 ), a mono-functional chiral liquid crystal repre- 
sented by the above formula (2), and a racemic mono-functional liquid crystal represented by formula (3) mixed at a 
weight ratio of 10:80:10, 0.2 percent by mass of Irugacure 907 manufactured by Ciba Speciality Chemicals Co. used 
as a photo-polymerization initiator, 0.02 percent by mass of KAYACURE DETX manufactured by Nippon Kayaku Co. , 
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W -.»-«*P— ^-~ M ^~ re db y 0, Nippon ,n ka n d C h e miCab 

the sclent was removed * a ^ erat ^^^^ a temperature of 60 at which it 

an oven for 3 minutes so as to be onented ' ^.J^^' maintained at a temperature of 60 -C for 3 mmutes. 
is oriented in a smectic C phase, at a rate of 5 CP»mJ«« concentration 3 percent by volume or less. 
Thereupon. nitrogen-substituhon was done J^V^V^ a p no t 0 .polymerization at an irradiat.on energy 
Thereatter, the orientation of the liquid crystall.ne T^"" 'SSiwre mercury lump of 1 20 W/cm while main- 
of 200 mJ/cm* using an ^^^S^S JL was fbced, assuming a chira. 
taining a temperature of 60 -C. The res utaQ^deV ^IZess (1 .2 um). The polarizing microscope obser- 
smectic C phase having a helical structure ^J^^oISLj that the helical pfcches of the helical structure 
vation and the cross section electron Jf""*^^ he ,ical axes direction did not conform with the 

of the liquid crystal layer were about 1 .3 urn. I ^^JjJJSES-*. direction thereby obtaining Sample 7. 
rubbing direction and was offset at an angle of about 13 . * an* mho^ temperature of 55«C. Thereafter, 

"o080] 9 Simnarly to Example 1. Sample 7 was '^^^^ 
Samole 7 with the embossed film ,am ' nated ri W ^ 

,1™ Zed » the complex diffraction dmrfce of the present ,n»ent.n. 
Example 5 

^Aliould^taiUnep^™^^^^ 

, Lied en a ntting-treated PET Mn substrate, >*»%*£™% 120-C lot 10 minutes, It »ae taker. out therefrom 

obtaining Sample 9. Qe ni a « fixed assuming a chiral smectic C A phase with a helical structure 

r00841 The liquid crystal layer in Sample 9 was glass-f.xed, assuming ■ ^ the cross section electron m.cro- 

p sl °' 8 S,an y to .»* 1. Samp, . was taminat* on the erased ,,m a, a temperature o, 7,0 mere* 
« She ec™p.e, d-raaton dev*e .1 me present tnvemton. 
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Claims 

'■ESS STJ^^-^-^'^ 55 



50 a helical structure is maintained. 

2. 



cryenllne phase having a helioal structure la maintained, 
K , Theeom P ,e,d«r^dev te aceor^ 

s.-ss^ss: r^a pad - - — — - . — 
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resulting from the uneven pattern. 

4. The complex diffraction device according to Claim 1 , 2 or 3 wherein said liquid crystal layer is formed by orienting 
a thin film of a liquid crystalline material which can exhibit a helical-structured smectic liquid crystalline phase, at 

5 a temperature which is the glass transition temperature or higher and cooling it to be in a glass state so as to fix 

the helical structure of the smectic liquid crystalline phase formed in the film layer. 

5. The complex diffraction device according to Claim 1 , 2 or 3 wherein said liquid crystal layer is formed by orienting 
a thin film of a liquid crystalline material which can exhibit a helical-structured smectic liquid crystalline phase at 

10 a temperature at which the liquid crystalline materialexhibits the liquid crystalline phase, and polymerizing the 

liquid crystalline material with the orientation maintained so as to fix the helical structure of the smectic liquid 
crystalline phase formed in the film layer. 

6. The complex diffraction device according to Claim 1 , 2 or 3 wherein the helical structured smectic liquid crystalline 
is phase formed in the liquid crystal layer is a chiral smectic C phase. 

7. The complex diffraction device according to Claim 1 , 2 or 3 wherein the helical structured smectic liquid crystalline 
phase formed in the liquid crystal layer is a chiral smectic C A phase. 

20 8. A method of producing a complex diffraction device wherein a liquid crystal layer where the helical structure of a 
smectic liquid crystalline phase is prepared from a liquid crystalline material exhibiting a smectic liquid crystalline 
phase with a helical structure, and then the liquid crystal layer surface is subjected to an embossing processing 
so as to provide a diffraction function resulting from an uneven pattern. 
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